









































































































































































































































































































































































































































































































































































































































































































































6. PMP estimates for basin

Multiply percentages of step 5 by the index PMP amounts from step 4.
These values should be plotted on linear graph paper and a smooth curve
drawn through the points. Values for the intermediate durations may be
determined from this curve.

7. Incremental PMP amounts

If needed, 1local-storm PMP incremental amounts obtained through
subtraction of adjacent amounts in step 6 may be arranged in temporal
sequences recommended in tables 12.5 and 12.6.

No example 1is believed necessary for local-storm PMP determination, as the

adjustment for elevation is the only complex element in the determination, and an
example calculation of this factor is given in step 2.

15. FUTURE STUDIES

There are several problems involved in the development of design estimates that
should be resolved. The purpose of this chapter is to briefly discuss these
needed future studies.

15.1 Seasonal Variation

In the present study, it has been possible to develop only all-season PMP
estimates. Although nc attempt has been made to define the season of occurrence,
some observations are possible. In the northern portion of the study region
among the more important storms are Gibson Dam, MT (75), June 6-8, 1964; Warrick,
MT (10), June 6-8, 1906; Springbrook, MT (32), June 17-21, 1921; and
Savageton, WY (38), September 27-0October 1, 1923. Through the central portion of
the study region, Cherry Creek (47) and Hale (101), €O, May 30-31, 1935, Plum
Creek (76), CO, June 13-20, 1965, Big Elk Meadow (77), CO May 4-8, 1969, and Big
Thompson, July 31, 1976 are important in determining PMP estimates. In the
extreme southern part of the study region, tropical storms or their remnants will
be the causative mechanism for the longer duration PMP event. Such storms as
Rancho Grande (60), NM, August 26-September 1, 1942, and Meek (27}, NM,
September 15-17, 1919 are typical of these events. Shorter duration storms
similar to that at White Sands, NM, August 19, 1978 are important in this
region. These storm dates suggest that the all-season PMP event will occur from
early summer tbrough fall. In those portions of the study region where snowmelt
can be a critical factor, the probable maximum flood (PMF) may be the result of
the lesser magnitude spring PMP event and accompanying snowmelt. The definition
of the seasonal variation of PMP is, therefore, a necessary addition to the
present report.

13.2 Permissible Snowpack With PMP and Snowmelt Criteria

To adequately evaluate the spring PMF, two additional factors are required.
The first 1is an evaluation of the snowpack that could exist prior toc the PMP
event. The question to be answered is the depth and extent of the snow cover.
Could, for example, the prchable maximum snowpack (PMSP) cccur just prior ta the
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PMP, or would there be some lesser 1limit, If the latter is the case, it is
necessary to define a rainfall event compatible with the PMSP.

The second factor, snowmelt criteria, such as temporal sequences of wind,
temperature, and dew—-point, are needed to develop the PMF from a combination of
rainfall and snowmelt. It might be necessary to develop dual criteria--one set
appropriate for the spring PMP together with an appropriate snowpack, and a
second consistent with the PMSP and the accompanying rainfall event. The need
for dual criteria can be determined only after adequate investigation.

15.3 1Individual-Drainage Estimates of PMP

PMP estimates from this report are storm centered all-season estimates, as are
those of HMR No. 51 (Schreiner and Riedel, 1978). HMR No. 52
(Hansen et al. 1982), provides procedures to develop estimates for individual
drainages east of the OSL, though application to nonorographic regions west of
the 105th meridian in eastern Montana and eastern Wyoming should be done with
caution. The procedures of HMR No. 52 were developed for nonorographic
regions. It will be necessary to develop similar procedures for the entire
CD-103 region. Techniques developed for an application manual to apply to the
CD-103 region would be required to deal with orographic problems in a generalized
manner.

15.4 Temporal Variation

The procedures in this report provide only a depth-duration curve of
general-storm PMP rainfall. The computation of a basin discharge hydrograph
requires knowledge of the appropriate time distribution of the rainfall. 1In
HMR No. 52, recommendations are made for appropriate*temporal distributions in
the nonorographic portions of the CD-103 region. The necessary time
distribution must be determined from studies of major storms. Because of the
diversity of storm types and terrain throughout the CD-103 region, the time
distribution could vary from Montana to New Mexico. This regional variation
would have to be considered in any future studies of this problem.

15.5 Antecedent Rainfall

The only published study of rainfall antecedent to a PMP event was concerned
with small basins in Texas (Miller and Ho, 1988). This study restricted
consideration to values appropriate for basins of less than 400 mi? and for a
limited geographic region, only a small portion of which was in the present study
region. A comprehensive study of antecedent rainfall for this region would
consider the area size of both the basin and the storm, the season of occurrence
of PMP, the possibility of geographic variation of antecedent rainfall amounts,
and the possible varying percentages of antecedent rainfall based upon the dry
interval between the PMP event and the antecedent rainfall.

*
Since storms west of the 105th meridian were not fully evaluated in preparing

HMR No. 52, care should be exercised in using these time distributions west of

the 105th meridian.
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15.6 Summary

This study produced estimates of all-season PMP for durations from 1 to 72 hr
for area sizes to 20,000 mi in nonorographic regions, and 5,000 mi? in
orographic regions. These studies provide valuable information for hydrologists
and engineers. However, additional information may be needed before a complete
evaluation can be made of the PMF. Some of these additional pieces of
information are the areal distribution and seasonal variation of PMP, snowpack
and snowmelt criteria, and antecedent rainfall.
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APPENDIX A

Generalized PMP Studies for Conterminuous United States

Hydrometeorological Report

Geographical Region

Scope

No. 36 (U.S. Weather Bureau 1961
Revision, U.S. Weather Bureau

1969)

No. 43 (U.S. Weather Bureau 1966

addendum 1981)

Pacific coast drainage
of California

Columbia River and
coastal drainages of
Oregon and Washington

General—storm PMP; areas up to 5,000 miz,

65 to 72 hr, seasonal values October
through April

General-storm PMP, areas up to 5,000 mi2
west of Cascades Ridge, areas up to 1,000 mi
east of Cascades Ridge, 6 to 72 hr, seasonal
values October through June. Local-storm PMP
east of Cascades Ridge, areas up to 500 mi“,
durations to 6 hr, seasonal values May through
September.,

2

No. 49 (Hansen et al. 1977) Colorado River and Great General-storm PMP, areas up to 5,000 miz, 6 to
Basin drainage. Also 72 hr, monthly values. Local-storm PMP, areas
provides local storm areas up to 500 mi“, durations up to 6 hr, all
for all of California season values.,

No. 51 (Schreiner and Riedel U.S. east gf 103rd PMP from 10 to 20,000 miz, 6 to 72 hr, all

1978) meridian season values.,

No. 52 (Hansen et al. 1982) U.S. east gf 105th PMP from 10 to 20,000 miz, duration < 6 hr
meridian all season values (Application report).

No. 53 (Ho and Riedel 1980) U.8. east gf 103rd PMP for 10 miz, 6 to 72 hr, monthly values.
meridian

Noi 55 (Miller et al. 1984) U.S. between Continental General —storm PMP, areas 10 to 20,000 mi2

{(Revised 1987, HMR No. 55A) Divide and 103rd in nonorographic regions and 10 to 5,000 mi

meridian

in orographic regions , 1 to 72 hr, all-
season values. Local-storm PMP, for sslected
portions of study region, up to 500 mi“,
durations < 6 hr, all-season values.

Reports 51, 52, and 53 originally provided PMP for the U.S. east of the 105th meridian, PMP between the 103rd
and 105th meridian from these reports are now superseded by HMR 55. Application portion of HMR 52 is wvalid
for Eastern U.S. out to the 105th wmeridian.



APPENDIX B
Storms Important for Estimates of PMP in CD-103 Region

This appendix contains a listing of the maximum observed average areal rainfall
depths for the storms important to development of general-storm PMP estimates in
the CD-103 region. The storms included are the storms listed 1in table 2.2
except those short-duration storms for which DAD data for 6 hr or more and 10 m12
or larger are not presently available. Average depths are given for selected
area sizes and durations. The area sigzes selected are those considered in HMR
No. 51 ith the addition of 2,000 mi~. Orographic storms provide data to
5,000 mi“, while areas to 20,000 mi? are given for least orographic storms. It
should be noted that for some storms, additional data are available on the
original pertinent data sheets (contact NWS authors). Other information in the
listing is:

a. Storm index number. The number used throughout this report for storm
identification, assigned by the authors.

b. Date of storm.

c. Storm assignment number. This number is assigned by the U.S. Army Corps
of Engineers, Bureau of Reclamation, or the Hydrometeorological Service
Section of the Atmospheric Environment Service, Canadian Department of
the Enviromment, to storms included in their respective formal storm

study programs. Those storms without an assignment number are part of
the wunofficial storm studies conducted by the Hydrometeorological

Branch, NWS.
d. Name of nearest town or habitation to the maximum rainfall center.
e. Latitude and longitude of the maximum rainfall center (approximate).

f. In-place moisture adjustment (see table 5.,3).

The locations of these storms are shown in figure 2.1, where each storm is
identified by the storm index number,
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Storm Index No. 1 Date = 5/29-31/1894 Storm Assignment No. MR 6-14
Max. Rainfall Center: Ward District, CO. Lat. 40°04° Long. 105°32"
Moisture Adjustment 244

Maximum average depth of rainfall in inches

Area (miz) Duration of rainfall in hours
6 12 18 24 3% 48 60
10 1.7 3.3 4.7 5.6 7.3 8.2 8.5
100 1.7 3.2 4.3 5.2 6.5 7.3 7.5
200 1.7 3.1 4,2 5.0 6.3 7.0 7.2
500 1.7 3.0 4.0 4.8 5.9 6.6 6.8
1000 1.6 2.9 3.8 4,6 5.7 6.3 6.5
2000 1.6 2.7 3.6 4.4 5.3 5.9 6.1
5000 1.5 2.5 3.2 3.9 4.7 5.3 5.5
Storm Index No. 6 Date - 5/1-3/1904 Storm Assignment No. MR 4-6
Max. Rainfall Center: Boxelder, CO Lat. 40°59' Long. 105°11°
Moisture Adjustment 200
Maximum average depth of rainfall in inches
Area (mi?) Duration of rainfall in hours
6 12 18 24 36 48
10 2.1 2.8 3.5 4,3 6.2 6.4
100 2.0 2.5 3.3 3.9 5.8 6.1
200 1.9 2.4 3.2 3.8 5.7 6.0
500 1.7 2.2 2.9 3.6 5.3 5.5
1000 1.6 2.1 2.7 3.4 4.8 5.0
2000 1.4 1.9 2.5 3.1 4.3 4.5
5000 1.0 1.7 2.1 2.6 3.6 3.9
Storm Index No. 8 Date - 9/26-30/1904 Storm Assignment No. SW 1-6
Max. Rainfall Center Rociada, NM Lat. 35°52' Long. 105°20°
Moisture Adjustment 138
Maximum average depth of rainfall in inches
Area (mi2) Duration of rainfall in hours
6 12 18 24 3% 4 60 12 90
10 3.8 4.2 5.2 6.6 7.3 7.3 7.3 7.3 7.9
100 3.1 3.8 4,7 6.3 7.0 7.0 7.0 7.0 7.6
200 2.9 3.7 4.6 6.2 6.8 6.9 6.9 6.9 7.5
500 2.6 3.5 4,3 5.8 6.5 6.5 6.6 6.7 7.3
1000 2.4 3.3 4.1 5.4 6.2 6.4 6.4 6.5 7.2
2000 2.2 3.1 3.9 5.0 5.9 6.1 6.2 6.3 7.0
5000 1.8 2.8 3.5 4.4 5.5 5.7 5.8 6.0 6.8
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Storm Index No. 10 Date - 6/6-8/1906 Storm Assignment No. MR 5-13
Max. Rainfall Center: Warrick, MT Lat. 48°04" Long. 109°39"
Moisture Adjustment 188

Maximum average depth of rainfall in inches

Area (miz) Duration of rainfall in hours
6 12 18 24 36 48 60
10 6.0 7.8 8.4 10.2 11.6 13.1 13.3
100 5.0 7.1 7.6 9.2 10.5 11.8 12,2
200 4,6 6.6 7.1 8.7 9.9 11.2 11.5
500 4,0 5.9 6.3 7.8 8.8 10.0 10.3
1000 3.5 5.0 5.4 6.7 7.6 8.7 8.9
2000 2.9 4.0 4,2 5.4 6.1 7.1 7.3
5000 2.1 3.0 3.2 4.2 4.9 5.7 5.9
Storm Index No. 13 Date - 6/3-6/1908 Storm Assignment No. MR 5-15
Max. Rainfall Center: Evans, MT Lat. 47°11' Long. 111°08'
Moisture Adjustment 191
Maximum average depth of rainfall in inches
Area (mi?) Duration of rainfall in hours
6 12 18 24 36 48 60 72
10 1.9 3.7 5.5 6.5 6.9 7.9 8.0 8.0
100 1.8 3.6 5.0 6.2 6.7 7.5 7.7 7.7
200 1.7 3.5 4.8 6.0 6.5 7.3 7.5 7.6
500 1.7 3.3 4.6 5.7 6.2 7.0 7.1 7.3
1000 1.6 3.0 4.3 5.3 5.7 6.5 6.6 6.9
2000 1.5 2.7 3.9 4.7 5.1 5.9 6.0 6.3
5000 1.2 2.3 3.3 3.8 4.3 4.7 4.8 5.3
Storm Index No. 86 Date - 10/18-19/1908 Storm Assignment No. SW 2-23
Max. Rainfall Center: May Valley, CO Lat. 38°03" Long. 102°38'
Moisture Adjustment 165
Maximum average depth of rainfall in inches
Area (miz) Duration of rainfall in hours
6 12 18 24 36
10 4,2 6.0 6.3 6.3 6.3
100 4,1 5.9 6.3 6.3 6.3
200 4.0 5.9 6.2 6.3 6.3
500 3.8 5.6 6.1 6.2 6.2
1000 3.5 5.4 5.8 5.9 5.9
2000 3.2 5.0 5.5 5.6 5.6
5000 2.7 4.5 5.1 5.2 5.3
10000 2.4 4.0 4.6 4,7 4.9
20000 2.1 3.4 4.0 4.2 4.4
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Storm Index No. 20 Date — 4/29-5/2/14 Storm Assignment No. SW 1-16
Max. Rainfall Center: Clayton, NM Lat. 36°20' Long. 103°06'
Moisture Adjustment 158

Maximum average depth of rainfall in inches

Area (mi2) Duration of rainfall in hours
6 12 18 24 36 48
10 5.3 6.8 8.6 9.0 9.0 9.6
100 4.8 6.7 8.2 8.8 8.9 9.4
200 4.6 6.5 8.0 8.7 8.8 9.3
500 4,2 6.2 7.8 8.3 8.5 9.0
1000 3.9 5.8 7.4 7.9 8.2 8.7
2000 3.5 5.0 6.7 7.2 7.6 8.1
5000 2.8 3.8 5.4 6.2 6.8 7.3
10000 2.0 3.0 4.5 5.2 6.0 6.5
20000 1.4 2.3 3.5 4,2 5.1 5.6
Storm Index No. 23 Date - 7/19-28/15 Storm Assignment No. SW 1-18
Max. Rainfall Center: Tajique, NM Lat. 34°46' Long. 106°20'
Moisture Adjustment 177
Maximum average depth of rainfall in inches
Area (mi2) Duration of rainfall in hours
6 12 18 24 36 48 60 72
10 4.6 4.9 5.1 5.2 6.2 6.2 6.5
100 4,5 4.8 5.0 5.0 6.0 6.0 6.4
200 4.4 4.7 4.9 4,9 5.8 5.8 6.2
500 4.1 4.3 4.6 4.6 5.5 5.5 5.8
1000 3.6 3.8 4,1 4.1 5.0 5.0 5.3
2000 2.7 3.0 3.3 3.3 4.0 4,1 4,5
5000 1.7 2.1 2.4 2.4 2.8 3.0 3.4
Storm Index No. 25 Date - 8/7-8/16 Storm Assignment No. SW 1-20
Max. Rainfall Center: Lakewood, NM Lat. 32°38" Long. 104°21'
Moisture Adjustment 117
Maximum average depth of rainfall in inches
Area (mi?) Duration of rainfall in hours
6 12 18 2
10 4.8 5.2 5.8 6.0
100 3.9 4.9 5.8 6.0
200 3.6 4.8 5.6 5.9
500 3.1 4.5 5.2 5.6
1000 2.8 4,2 4.7 5.2
2000 2.4 3.6 4.2 4.6
5000 1.8 2.6 3.2 3.7
10000 1.1 2.0 2.6 3.2
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Storm Index No. 27 Date = 9/15-17/19 Storm Assignment No. GM 5-15B
Max. Rainfall Center: Meek, NM Lat. 33°41" Long. 105°11'
Moisture Adjustment 170

Maximum average depth of rainfall in inches

Area (miz) Duration of rainfall in hours
6 12 18 24 3% 48
10 3.8 4,5 6.2 7.4 9.1 9.5
100 3.2 4,2 5.1 6.4 7.9 8.3
200 3.0 4.1 4,7 6.0 7.5 7.9
500 2.7 3.8 4.3 5.4 7.0 7.3
1000 2.5 3.4 4,0 5.0 6.5 6.9
2000 2.2 3.1 3.6 4.6 6.0 6.5
5000 1.9 2.7 3.2 4,0 5.3 5.9
Storm Index No. 30 Date — 4/14-16/21 Storm Assignment No. MR 4-19
Max. Rainfall Center: Fry's Ranch, CO Lat. 40°43" Long. 105°43"
Moisture Adjustment 185
Maximum average depth of rainfall in inches
Area (miz) Duration of rainfall in hours
6 12 18 24 36
10 2.2 4.3 6.1 7.3 7.5
100 2.1 4,2 5.7 6.9 7.2
200 2.0 3.9 5.4 6.6 6.9
500 1.7 3.4 4.6 5.6 5.8
1000 1.6 3.0 4.0 4.8 5.2
2000 1.4 2.6 3.4 4,2 4.4
5000 1.1 2.3 3.1 3.8 4.1
Storm Index No. 31 Date - 6/2-6/21 Storm Assignment No. SW 1-23
Max. Rainfall Center: Penrose, CO Lat. 38°27" Long. 105°04"
Moisture Adjustment 151
Maximum average depth of rainfall in inches
Area (mi?) Duration of rainfall in hours
6 12 18 24 36 48 6 72
10 10.4 1.3 12,0 12.0 12.0 12.0 12Z.0 12,0
100 8.8 10.4 11.0 11.1 11.1 11.2 11.2 11.2
200 7.9 9,7 10.3 10.4 10.5 10.7 10.7 10.7
500 6.5 8.4 9.0 9.1 9.4 9.6 9.7 9.7
1000 5.4 7.1 7.8 7.8 8.2 8.6 8.7 8.7
2000 4,2 5.4 6.1 6.2 6.9 7.1 7.4 7.4
5000 2.7 4.0 4.3 4.4 5.6 5.7 6.0 6.2
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Storm Index No. 32 Date = 6/17-21/21 Storm Assignment No. MR 4-21
Max. Rainfall Center: Springbrock, MT Lat. 47°18' Long. 105°35'

Moisture Adjustment 131

Maximum average depth of rainfall in inches

Area (miz) Duration of rainfall in hours
6 12 18 24 36 48 60 72
10 10.5 1.7 12.9 13.3 13,4  14.2 14,5 14.6
100 8.5 11.1 12.6 13.0 13.3 14.1 14.2 14.4
200 8.3 10.8 12.3 12.7 13.0 13.8 13.9 14.2
500 7.9 10.3 11.6 12.0 12.3 13.0 13.2 13.4
1000 7.4 9.6 10.8 11.3 11.5 12.1 12.3 12.5
2000 6.6 8.5 9.7 10.1 10.4 11.0 11.2 11.4
5000 4.9 6.2 7.3 7.7 8.0 9.0 9.3 9.5
10000 3.0 4.3 5.1 5.6 5.8 7.3 7.6 7.7
20000 1.6 2.7 3.4 3.9 4.2 5.2 5.5 5.8
Storm Index No. 38 Date - 9/27-10/1/23 Storm Assignment No. MR 4-23
Max. Rainfall Center: Savageton, WY Lat. 43°52' Long. 105°47"'
Moisture Adjustment 126
Maximum average depth of rainfall in inches
Area (miz) Duration of rainfall in hours
6 12 18 24 3% 48 60 72
10 6.0 9.1 9.3 2.5 16.5 16.9 16.9 16.9
100 5.1 8.4 8.7 9.0 15.5 15.9 15.9 15.9
200 4.9 8.0 8.4 8.6 14.8 15.2 15.2 15.2
500 4.3 7.1 7.5 7.7 13,2 13.4 13.6 13.7
1000 3.7 6.2 6.4 6.6 11.4 11.6 11.7 11.8
2000 3.0 5.0 5.3 5.5 9.5 9.7 9.8 9.9
5000 2.2 3.6 3.8 4.0 7.0 7.2 7.4 7.6
10000 1.6 2.5 2.7 3.0 5.3 5.7 6.1 6.3
20000 1.2 1.8 2.1 2.5 3.9 4,7 5.1 5.5
Storm Index No. 44 Date - 10/9-12/30 Storm Assignment No. SW 2-6
Max. Rainfall Center: Porter, NM Lat. 35°12' Long. 103°17°
Moisture Adjustment 140
Maximum average depth of rainfall in inches
Area (miz) Duration of rainfall in hours
6 12 18 24 3% 48
10 5.7 6.3 8.5 9.9 9.9 9.9
100 5.3 5.9 7.6 9.1 9.1 9.1
200 5.1 5.7 7.2 8.7 8.7 8.7
500 4.6 5.3 6.5 7.9 8.0 8.0
1000 4,1 4.9 6.0 7.2 7.4 7.4
2000 3.6 4.4 Seh 6.5 6.7 6.8
5000 2.9 3.7 4.6 5.4 5.8 5.9
10000 2.3 3.2 3.9 4.5 5.1 5.2
26000 1.7 2.5 3.2 3.6 4.3 4.4
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Storm Index No. 46 Date - 9/9-11/33 Storm Assignment No. R7 1-25A
Max., Rainfall Center: Kassler, CO Lat. 39°30°' Long. 105°06'
Moisture Adjustment 193

Maximum average depth of rainfall in inches

Area (miz) Duration of rainfall in hours
6 12 18 24 36 48 6
10 3.9 4.0 4.0 4.2 A4 &5 4
100 3.8 3.9 3.9 4,1 4.3 4.4 4.4
200 3.7 3.8 3.8 4,0 4.2 4.3 4.3
500 3.4 3.5 3.5 3.7 3.9 4.0 4,1
1000 3.0 3.2 3.2 3.3 3.6 3.7 3.9
2000 2.5 2.8 2.8 2.8 3.3 3.4 3.6
5000 1.8 2.0 2.0 2.1 2.7 2.8 3.0
“Storm Index No. 47 Date - 5/30-31/35 Storm Assignment No. MR 3-28A
Max. Rainfall Center: Cherry Ck., CO Lat. 39°13° Long. 104°32'
' Moisture Adjustment 163
Maximum average depth of rainfall in inches
Area (miz) Duration of rainfall in hours
6 12 18 24
10 20.6 22.2 22.2 22,2
100 13.7 15.4 15.4 15.4
200 11.2 12.6 12.6 12.6
500 7.8 9.3 9.3 9.3
1000 5.8 7.2 7.2 7.2
2000 4.1 5.3 5.5 5.5
5000 2.4 3.5 3.8 4,0
Storm Index No. 101 Date - 5/30-31/35 Storm Assignment No. MR 3-28A
Max., Rainfall Center: Hale, CO Lat. 39°36" Long. 102°08"
Moisture Adjustment 156
Maximum average depth of rainfall in inches
Area (miz) Duration of rainfall in hours
6 12 18 24
10 16.5% 22,2 22.2  22.2
100 11.0% 15,4 15.4 15.4
200 9.9% 12.6 12.6 12.6
1000 4,6% 7.2 7.2 7.2
5000 1.9% 3.5 3.8 4.0

XFrom original depth—~area analysis of total storm pattern
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Storm Index No. 105 Date - 9/14-18/36 Storm Assignment No. GM 5-7
Max. Rainfa | Center: Broome, TX Lat. 31°47° Long. 100°50'
Moisture Adjustment 117

Maximum average depth of rainfall in inches

Area (mi?) Duration of rainfall in hours
6 12 18 24 3% 48 60 T2
10 16.0 22.0 24.1 26.0 26.0 27 .6 28.0 30.0
100 10.9 15.4 18.3 20.4 21.7 23.5 25.8 28.6
200 9.5 13.6 16.5 18.5 20.0 21.4 24.5 27.7
500 7.7 11.2 14.0 15.8 17.2 18.2 22.1 25.7
1000 6.4 9.5 12.0 13.8 14.8 15.4 19.9 23.6
2000 5.2 7.9 9.9 11.6 12.3 13.0 17.1 20.9
5000 3.7 5.8 7.3 8.7 9.4 10.2 13.5 16.5
10000 2.7 4.3 5.5 6.7 7.4 8.4 11.1 13.2
20000 1.9 3.0 3.9 4.9 5.8 6.8 8.9 10.4
Storm Index No. 53 Date - 8/30-9/4/38 Storm Assignment No. MR 5-8
Max. Rainfall Center: Loveland, CO Lat., 40°23" Long. 105°04'
Moisture Adjustment 134
Maximum average depth of rainfall in inches
Area (mi?) Duration of rainfall in hours
6 12 18 2 3 48 60 72
10 6.4 6.8 7.0 7.0 9.9 . 9.9 10.6 10.6
100 4.4 4.8 5.2 5.2 8.9 8.9 9.4 9.4
200 3.6 4,2 4.6 4.6 7.8 7.9 8.4 8.4
500 2.3 3.1 3.1 3.4 6.1 6.2 6.6 6.7
1000 1.6 2.9 2.9 3.1 5.0 5.1 5.4 5.7
2000 1.3 2.4 2.5 2.7 4,0 4,1 4.4 4,6
5000 1.0 1.6 1.7 2.1 3.2 3.4 3.6 3.8
Storm Index No. 108 Date -~ 6/19-20/1939 Storm Assignment No. -
Max. Rainfall Center: Snyder, TX Lat. 32°44" Long. 100°55'
Moisture Adjustment 123
Maximum average depth of rainfall in inches
Ares (miz) Duration of rainfall in hours
6
10 18.8
100 14.2
200 11.9
500 8.6
1000 6.5
2000 4,7
5000 -
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Storm Index No. 56 Date — 5/20-25/41 Storm Assignment No. GM 5-18
Max. Rainfall Center: Prairieview, NM Lat. 33°07' Long. 103°12°7
Moisture Adjustment 132

Maximum average depth of rainfall in inches

Area (miz) Duration of rainfall in hours
6 12 18 24 3 48 60 72
10 3.8 4.8 6.0 6.5 7.0 7.4 7.4 8.4
100 3.0 4,0 5.2 6.3 6.8 6.9 7.0 8.1
200 . 2.7 3.7 4,7 6.0 6.6 6.7 6.9 8.0
500 2.3 3.3 4,1 5.4 6.1 6.4 6.7 7.7
1000 2.1 3.0 3.7 4.9 5.7 6.1 6.4 7.5
2000 1.8 2.7 3.2 4.3 5.2 5.7 6.1 7.2
5000 1.4 2.2 2.7 3.5 4.4 5.0 5.6 6.6
10000 1.2 1.9 2.2 2.9 3.7 4,4 5.0 5.9
20000 0.9 1.5 1.8 2.3 3.0 3.7 4.3 5.1
Storm Index No. 58 - Date - 9/20-23/41 Storm Assignment No. GM 5-19
Max. Rainfall Center: McColleum Ranch, NM Lat. 32°10° Long. 104°44"
Moisture Adjustment 151
Maximum average depth of rainfall in inches
Area (miz) Duration of rainfall in hours
6 12 18 24 36 48 60 72
10 10.1 1.2 11.5 12.1 16.9 18.7 21.0 21.2
100 5.9 8.3 8.7 9.0 11.7 13.0 14.7 15.0
200 5.2 7.3 7.8 8.1 9.7 10.8 12.4 12.7
500 4.4 6.2 6.8 6.9 7.9 9.1 10.2 10.5
1000 3.8 545 6.1 6.3 7.1 8.3 9.4 9.6
2000 3.3 4.8 5.5 5.6 6.4 7.5 8.6 8.8
5000 2.6 3.9 4,6 4,8 5.6 6.6 7.5 7.8
10000 2.0 3.2 4.0 4,2 4,9 5.9 6.7 7.0
20000 1.5 2.6 3.3 3.7 4.4 5.2 5.9 6.2
Storm Index No. 60 Date - 8/29-9/1/42 Storm Assignment No. SW 2-29
Max. Rainfall Center: Rancho Grande, NM Lat. 34°56' Long. 105°06'
Moisture Adjustment 119
Maximum average depth of rainfall in inches
Area (miz) Duration of rainfall in bours
6 12 18 24 3% 48 60 72
10 3.2 5.9 7.0 7.9 8.0 8.0 8.0 8.0
100 2.7 5.2 6.7 7.6 8.0 8.0 8.0 8.0
200 2.6 5.1 6.7 7.6 8.0 8.0 8.0 8.0
500 2.4 4.7 6.5 7.4 7.7 7.8 7.8 7.8
1000 2.3 4.2 6.1 6.8 7.2 7.2 7.2 7.2
2000 2.1 4,0 4,9 5.8 6.4 6.4 6.4 6.5
5000 1.9 3.6 4,5 5.5 6.0 6.0 6.0 6.1
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Storm Index No, 112
Max., Rainfall Center:

Date — 6/23-28/54
Vic Pierce, TX
Moisture Adjustment 130

Storm Assignment No.
30°22°

Lat.

Long. 101°23"

Area (mi?)

10
160
200
500

1000
2000
5000
10000
20000

Maximum average depth of rainfall in inches
Duration of rainfall in hours

)}

I

bt s

= RPN O N
® © e ¢ e o o

N N0 OO PO OO

[
N

[N O
.

NWENONEONO
L]
[ 3 SRV IRV, BN Ben BV« JRW, Iy

18
22.5
19,7
18.6
16.6
14.6
11.8

N~
0~

24
2647
23.6
22.5
20.5
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9
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32.0
29.2
27.5
24.5
21.5
17.6
11.9

8.0

5.2

48
34.6
31.5
29.5
26.3

60
34,6
31.5
29.5
26.3
23.0
19.4
14.3
10.4

7.0

72
3%.6
31.5
29.5
26.3
23.0
19.4
14.3
10.5

7.2

Storm Index No.

75

Max. Rainfall Center:

Date — 6/6-8/64
Gibson Dam, MT
Moisture Adjustment 200

Storm Assignment No. -

Lat. 48°33"

Long. 113°32

Maximum average depth of rainfall in inches

Area (mi2) Duration of rainfall in hours
6 12 18 24 3%

10 6.0%  10.6% 13,6% 14,9% 16.4%

100 5.8% 10.2¥ 13,2¥ 14,6¥ 16.,0%

200 5.6% 10.0¥ 12,8% 14,2X 15,5%

500 5.1% 9.1% 11.8% 13.2% 14.4%

1000 4,6% 8.4% 11,0% 12,3% 13.4%

2000 4,2% 7.6 10,0% 11.,3% 12,3%

5000 3.4% 6.4% 8.2% 9.6% 10.4%
Storm Index No. 76 Date - 6/13-20/65 Storm Assignment No. -

Max. Rainfall Center:

Plum Creek, CO
Moisture Adjustment 128

Lat.

39°05"

Long. 104°20°

Area (miz)
10
100
200
1000
5000
10000
20000

Maximum average depth of rainfall in inches
Duration of rainfall in hours

5
11.5%

12

17.5%
8.5%
7.8%
5.6%
3.4
2.5

1.7

18
12.6%
8,7%

24
13.2
12 .4
11.9

36
14.6
13.6
13.0
10.6

w P~
00 O

.

48
15.4
14.4
13.8
11.2

w U~

.l
I2
5

60
16.2
15.1
14.5
11.8
7.
5.
4

N 00 O

X
from USBR analysis
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Storm Index No. 68 Date — 6/16-17/48 Storm Assignment No. -
Max. Rainfall Center: Dupuyer, MT Lat. 48°12' Long. 112° 30'
Moisture Adjustment 220

Maximum average depth of rainfall in inches

Area (mi?) Duration of rainfall in hours
6 12 18 2 36 48
10 4.4 6.1 8.3 8.6 8.9 9.3 ,
100 (4.0) (5.1) (6.9) (7.3) (7.9) (8.8)
1000 1.8 3.7 5.1 5.6 6.0 7.0
2000 1.6 3.1 4.3 4.7 5.1 5.9
*Interpolated
Storm Index No. 111 Date - 6/23-24/48 Storm Assignment No. -
Max. Rainfall Center: Del Rio, TX Lat. 29°22' Long. 100°37'
Moisture Adjustment 135
Maximum average depth of rainfall in inches
Area (miz) Duration of rainfall in hours
6 12 18 24
10 13.2 20.7 25.2 26.2
100 11.3 18.2 22.5 23.8
200 10.3 16.9 21.1 22.5
500 8.8 15.2 19.0 20.2
10600 7.7 13.6 16.8 17.9
2000 6.3 11.4 14,1 15.1
5000 4,7 8.0 9.9 10.8
10000 3.2 5.5 6.8 7.2
Storm Index No. 71 Date - 6/1-4/53 Storm Assignment No. =
Max. Rainfall Center: Belt, MT Lat. 47°25"' Long. 110°50'
Moisture Adjustment 148
Maximum average depth of rainfall in inches
Area (mi2) Duration of rainfall in hours
6 12 18 26 36 48
10 5.8 7.7 8.6 10.4
100 5.1 6.8 7.5 9.0
200 4,7 6.2 7.0 8.4
500 4,0 5.5 6.1 7.5
1000 3.4 4.8 5.4 6.8
2000 2.8 4.0 4.4 5.9
5000 2.3 3.1 3.5 4.8
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Storm Index No. 114 Date -~ 6/24/66 Storm Assignment No. -
Max. Rainfall Center: Glen Ullin, ND Lat. 47°21" Long. 101°19"
Moisture Adjustment 152

Maximum average depth of rainfall in inches

Area (miz) Duration of rainfall in hours
6 12
10 11.1 11.9
100 9.6 10.1
200 8.6 9.1
500 6.9 745
1000 5.4 5.9
Storm Index No. 77 Date - 5/4-8/69 Storm Assignment No. -
Max. Rainfall Center: Big Elk Meadow, CO Lat. 40°16' Long. 105°25"
Moisture Adjustment 182
Maximum average depth of rainfall in inches
Area (miz) Duration of rainfall in hours
6 12 18 24 36 48 60 72
10 4,0 7.2 9.6 11.8 14.0 15.1 16.9 17.8
100 3.0 5.4 7.1 8.6 10.7 11.8 12.9 14.0
200 2.7 4.8 6.3 7.8 9.7 10.7 11.7 12.8
500 2.2 4.0 5.3 6.5 8.3 9.2 10.2 11.2
1000 1.9 3.4 4.6 5.5 7.2 8.1 9.0 10.0
2000 1.5 2.9 3.8 4.6 6.0 7.0 7.8 8.7
5000 1.1 2.1 2.7 3.4 4.6 5.5 6.1 6.9
Storm Index No. 78 Date - 6/9/72 Storm Assignment No. -
Max. Rainfall Center: Rapid City, SD Lat. 44°12' Long. 103°31"
Moisture Adjustment 120
Maximum average depth of rainfall in inches
Area (miz) Duration of rainfall in hours
s 1
10 14.9
100 12.4
200 10.9
500 8.6
1000 6.7
2000 5.0
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Storm Index No. 79 Date - 5/5-6/73 Storm Assignment No. —
Max. Rainfall Center: Broomfield, €O Lat. 39°55' Long. 105°06"
Moisture Adjustment 194

Maximum average depth of rainfall in inches

Area (miz) Duration of rainfall in hours
6 12 18 24 36"
10 2.9 4.9 5.9 6.3 6.3
100 2.4 4.8 5.2 5.8 5.8
500 2.1 3.8 4.8 5.1 5.2
1000 2.0 3.5 4.3 4,7 4.8
5000 1.7 2.8 3.4 3.8 3.9
* 30 hr
Storm Index No. 116 Date - 8/1-3/78 Storm Assignment No. —
Max. Rainfall Center: Medina, TX Lat. 29°55"' Long. 99°21'
Moisture Adjustment 117
Maximum average depth of rainfall in inches
Area (miz) Duration of rainfall in hours 4
6 12 18 24 36 48 60
10 17.0 20.8 23.8 27.2 31.9 40.0 42.5
100 15.3 19.9 21.8 23.8 27.1 31.6 32.6
200 13.8 17.9 19.4 21.5 24,1 22.5 29.4
500 11.3 14.5 15.8 17.8 20.0 24,3 25.0
1000 9.1 i2.0 13.1 15.0 16.9 20.5 21.1
2000% 7.1 9.9 10.9 12.6 14,2 16.8 17.3
# 55 nr
X 1800 mi?
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APPENDIX C

Table of Precipitable Water
DEPTH OF PRECIPITARLE WATER (¥, .Ql in.)

AS A FUNCTION OF L00C-uB TEMPERATURE (Ty000, 7),
IN A SATURATED ATMOSPHERE AITH PSEUDOADIABATIC LAPSE RATE

Temperature at 1000 mb

65 67 & 70 n 72 73
o] o2 -3 02 x= [+] o2 02 02
> Q2 Q QL o4 O 05 05 o5
06 06 06 06 06 o7 o7 o o
o7 os o8 o8 08 %) [} % 10
09 10 10 10 u a u 12 12
po n 12 12 3 13 p*y pvy
3 3 7Y BTN 15 pL] 16 16 17
15 5 16 16 17 17 is8 8 19
16 17 17 18 19 19 -+ 2 a
i8 19 19 20 2 a 22 k<l 2
0 E- o} a 2 3 3 2 25 2%
2 2 23 24 25 25 26 27 28
23 2 25 26 27 27 28 29 »
25 26 k44 28 28 29 30 31 32
Fa Fa 28 23 30 n 32 34 35
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Appendix C

Table of Precipitable Water (continued)

DKPTH OF FRECIFITARLE WATER (¥, .0l ia.)
BETWERY 1000-KB SURPACE AND INCICATSD HEIGHT (H, l0OO ft) ABOVE 1000-4B SURPACE,
AS 4 FUNCTION OF L000-iB TEMFERATURE {T1000, !),
IB A SATURATED ATMOSPHERE WITH PSEUDOADIABATIC LiPSR BATE

Hesight
100ts £ Temperature at 1000 ab

& & 82 &2 'Y [ 56 67 68 0y ¥2N T2 ks ] Th 75 76 K 78 75 80

230 136 142 150 157 165 173 P18 130 199 08 218 28 238 249 261 73 285 298 3ud 225 339
25 136 143 150 157 165 173 la2 10 20 209 219 29 29 50 282 % 287 299 313 37 el
240 136 i3 150 158 166 174 182 191 200 09 29 230 240 251 25 275 288 3ol 35 Jay Ja3
245 137 143 151 158 166 17 1 192 201 paty) 220 230 £ 252 265 7 289 303 316 230 365
250 137 Teds 151 158 166 175 183 152 201 a0 22 231 %2 253 266 278 21 304 38 322 347
255 17 ek L5L 159 le7 175 1 192 22 a1 20 282wl 2% 27 219 92 05 319 36 349
260 137 pUNA 151 159 167 175 134 192 02 a2 22 233 Uy 255 268 280 293 306 Ja 235 258
265 137 1bde 152 159 le7 175 184 153 3 a2 223 233 2y 256 269 281 296 308 222 i3s 352
70 e Lidy 152 159 68 176 i35 194 203 243 223 O A5 257 269 282 29% 309 323 18 352
275 38 145 152 160 168 176 185 194 204 a3 223 26 %5 257 210 282 296 310 2 339 355
280 138 k5 152 160 168 76 185 194 204 213 22 235 4.6 258 71 283 297 311 325 240 350
28% 138 145 152 160 168 176 185 194 204 A4 24 235 46 258 270 284 297 3 326 Jul 357
25¢ 138 165 152 160 lo8 176 185 195 204 [AvA 25 235 £47 259 272 284 298 312 327 prvs 358
295 138 145 152 p] 168 177 1 195 205 p2rN 225 236 w7 259 272 28% 299 33 328 a3 253
300 18 15 152 L 168 m 186 195 205 Ak 225 236 2,7 280 wn 285 299 3 38 Jick, 360
305 138 145 152 L 1 177 186 195 205 215 225 236 %8 260 273 286 300 JUs 329 pIvN 3ed
318 38 145 152 1 169 77 186 19% 205 a5 225 236 £48 260 a4 286 00 315 330 345 Je2
315 138 WS 153 160 169 177 186 195 5 25 226 37 248 260 27 287 ples 35 338 Jub 303
j2o 138 145 153 s 109 177 186 195 25 a5 226 237 28 a 274 &7 301 31 331 2ué 3ol
325 i3e 145 153 160 109 77 186 135 €5 215 226 237 %9 261 2 287 302 16 31 37 364
330 138 W5 153 10 159 L7 186 196 X5 25 226 237 29 261 275 288 32 316 332 w7 3ok
335 138 L5 153 0 169 177 186 196 206 a5 226 237 49 261 275 2 302 317 232 8 38
360 138 L5 153 L 169 S 186 136 Lol 215 226 237 49 261 275 288 302 n7 33 348 Jo5
365 138 145 153 161 109 177 186 136 b 26 226 237 49 w2 275 288 303 317 333 343 By
350 138 145 153 lal 189 77 186 ijo Xb a6 226 238 %9 262 215 288 303 Ji8 333 9 oo
355 18 LS 153 PRy w9 77 186 196 06 26 226 238 49 282 275 289 3c3 Ji8 23 3.y Soe
360 138 45 153 161 109 177 186 196 L8 pat s 227 38 243 202 7é 289 303 8 33k 250 397
365 138 145 153 16 69 177 186 196 ael} 26 227 238 250 262 276 289 303 318 ESIN 350 IeT
37C 138 145 %53 a0l 169 177 186 196 6 b 227 238 250 262 276 289 303 318 334 350 507
375 138 I¥83 153 16l 169 177 186 196 06 46 227 38 250 262 276 289 304 38 334 350 368
380 138 P 153 1 e W7 186 196 206 216 27 238 250 262 276 289 304 319 Py 350 308
385 138 5 153 16l 159 L7 186 196 e A6 227 238 50 22 16 289 304 319 33 3% 208
3% 138 w5 133 14 89 L7 186 L3 Lo a6 227 238 250 22 L6 289 30k 19 335 350 led
385 8 45 153 161 N m 186 196 206 26 227 238 <50 262 7o 289 BN 319 235 351 Jod
8 U5 153 161 169 177 186 196 206 a6 227 38 250 262 5 289 30k, ns 335 351 o8

405 18 las 153 1 i69 177 186 196 206 26 kre4 238 250 262 276 289 3Ch 319 335 155 308
10 138 1! 153 161 169 77 186 196 06 a6 221 238 250 b2 26 289 304 119 235 351 399
L15 L5 153 1a 109 177 186 198 <0& a 27 38 250 262 276 289 304 319 235 351 369
20 161 169 177 186 156 ety 16 27 238 250 262 276 289 304 319 335 351 359
(53 & 165 177 1 196 06 pag) 27 28 250 262 06 89 304 319 335 351 369
&30 1 189 177 187 196 e e P4 238 2; 2 276 290 304 319 335 35 365
%35 16l 169 77 187 iy6 Lo 2o 227 238 250 2062 276 2% 304 319 335 351 369
L0 161 169 177 3 .36 pael] Pt 27 38 250 in2 276 %0 3G 319 235 351 09
wh3 1 S 15¢& 206 pay.y 227 238 250 52 275 290 304 319 335 35% 3oy
50 i87 196 Lo b 7 238 250 a2 276 X 04 319 335 351 369
455 187 196 L A6 227 238 0 T WS /O N0k 319 335 351 368
680 pt 196 06 a6 % 38 250 2 276 %0 30k 39 335 351 349
605 206 aé 27 238 250 262 270 30 304 b2 335 351 369
&79 216 27 38 250 262 P2 290 304 1% 235 351 369
W78 26 21 38 250 262 276 2% 304 3 338 351 389
+80 paty 227 238 25G W2 276 2% 304 N9 335 351 369
w85 238 250 262 276 &30 b 319 535 351 369
A0 25 62 276 R X 319 335 351 309
w95 250 262 276 230 304 315 325 351 369
250 262 276 2% 30de 19 338 353 369

505 2ls 290 30k 19 335 351 369
510 290 3Gk 3 335 351 369
515 290 3l % 335 351 369
520 2 308 39 335 351 369
525 S50 204 Ay 135 5L 209
530 319 335 351 369
535 335 351 369
560 325 351 Jes
5. 335 350 369
550 335 351 369
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